ABSTRACT To determine the optimum meat mixture combination, the effects of different meat sources on physical, chemical, and sensory properties of cooked or stored meat patties were investigated using a response surface methodology mixture design. Meat patties were prepared using chicken, turkey, beef, and beef back fat. They were divided 2 groups, with 1 group cooked and 1 group stored. The first part was cooked with a preheated grill, and the second part was stored at −20°C for 2 mo. The effects of the meat mixtures on pH, proximate composition, cooking yield, dimension reduction, thiobarbituric acid, free fatty acid, proteolysis, and sensory properties of patties were studied. The influence of beef, turkey, and chicken meat on patties was found to be significant (P < 0.01). The interaction effects of beef and chicken meat on the sensory properties of patties were also found to be significant (P < 0.01). Meat mixtures improved physical, chemical, and sensory qualities of patties. The optimum combination of beef, turkey, and chicken was found to be 34.87, 12.23, and 52.89%, respectively.
INTRODUCTION
The type and the amount of meat in formulations of meat products are the most important factors for product quality, technological properties, and consumer health (Gökalp et al., 1999; Zorba and Kurt, 2006) . They can affect the physical, chemical, and sensory properties of patties. Beef is used extensively in patties; however, the technological characteristics of poultry meat have generated interest among processors. Poultry meat has high nutritional and economic value and is suitable for processing (Mead, 2004) . Different meat sources have different protein characteristics and different physicochemical properties, such as pH values (Zorba and Kurt, 2006) .
Beef, turkey, and chicken meat have different physicochemical properties and gel-forming ability Kurt, 2006, 2008) . Among the meat proteins, myofibrillar proteins have high functionality in the production of meat products. The solubility of myofibrillar proteins in the presence of salt and water allows them to bind fat and water in processed meat products (Smith, 1988 ). An important functional characteristic of proteins is gel-forming ability. Gel formation contributes to the desirable texture and fat-water stabilization in meat products (Ziegler and Acton, 1984; Ker and Toledo, 1992; Zorba et al., 2005; Zorba and Kurt, 2006) . Heating meat protein causes protein-protein interactions, which strengthens the protein matrix (Ziegler and Acton, 1984) . Doerscher et al. (2003) reported that the matrix formed with myofibrillar proteins with pork collagen gels had greater ability to entrap water than myofibrillar gels alone.
The quality of meat products may change with storage. Physicochemical characteristics of product constituents can affect storage stability. Proteolysis and lipolysis constitute the main biochemical reactions. Several muscle proteases and lipases play an important role in the biochemical mechanisms that occur during the storage period. Therefore, they are important to the quality of the stored product. To determine the optimum mixture combination of 3 meat sources, a response surface mixture design was used to determine the effect of meat source on the physical, chemical, and sensory properties of meat patties.
MATERIALS AND METHODS
The day after slaughter, the meat (semimembranosus, 2.55% fat) and back fat of 2-yr-old cattle were Mixture optimization of beef, turkey, and chicken meat for some of the physical, chemical, and sensory properties of meat patties obtained from a local meat processor (Adıyaman, Turkey). The day after harvest, skinless and boneless meat from 95-d-old turkey hens (breast, 1.76% fat) and 37-dold chickens (breast, 2.12% fat) on polyfoam plates and coated with polyvinyl chloride stretch film were obtained from a poultry processor (Banvit, Adıyaman, Turkey).
Patty Preparation
Lean meat combination (Table 1) and back fat pieces (2 to 3 cm 3 in size) were mixed and standardized to 14% fat on the basis of patty. This mixture was minced in a grinder (Tefal, Le Hachoir France). The following ingredients were added to the minced meat: 1.6% salt, 4.2% bread crumbs, 1.4% red pepper, 0.6% black pepper, 0.6% cumin, and 1.6% onion powder. One kilogram of each formulation was then kneaded for 10 min by hand to obtain uniform meatball batter. Next, batter was shaped with silicone molds into round patties (25 g of batter/patty; 1.4 cm thick, 4.8 cm diameter). The patties were cooked on a preheated electric grill (Philips HD4417, Philips, Amsterdam, the Netherlands) for 4 min on each side. The core temperature of the patties reached 74°C during cooking. The core temperature was measured using a digital thermometer with a penetration probe (Testo 926, Testo AG, Lenzkirch, Germany). Five meat patties were used for the analysis of each treatment.
Determination of pH and Proximate Composition
Ten grams of sample was homogenized in 100 mL of distilled water and the pH was measured using a pH meter (Orion 3-Star, Thermo Fisher Scientific, Waltham, MA) equipped with temperature probe as outlined by Ockerman (1985) . Moisture, fat, and protein were determined according to AOAC (2000) . Protein was determined as CP using the Kjeldahl method. Fat was determined as crude fat using the Soxhlet extraction.
Determination of Cooking Yield and Diameter Reduction
Cooking yield was determined as follows: cooking yield (%) = w 1 × 100/w 0 , where w 0 is the weight of patties before cooking and w 1 is the weight after cooking. Diameter reduction was calculated as follows:
where d 0 is the diameter of patties before cooking and d 1 is the diameter after cooking.
Determination of Free Fatty Acid, Thiobarbituric Acid, and Proteolysis Values
To determine lipolytic and proteolytic changes of patties, after 2 mo of storage at −20°C, uncooked patties were analyzed for pH, free fatty acid (FFA), thiobarbituric acid (TBA), and proteolysis values. The pH was determined as described above. The FFA was determined according to Egan et al. (1981) , with some modification. A 10-g ground sample was mixed with 25 mL of chloroform and 0.5 g of sodium sulfate for 5 min and then filtered with filter paper. The 25 mL of filtrate was mixed with 25 mL of neutral alcohol and titrated with 0.1 N NaOH. Free fatty acid content was expressed as g of oleic acid/100 g of fat:
where S is the volume of titration (mL), N is the normality of the sodium hydroxide solution, F is the factor of the sodium hydroxide solution, and W is the fat weight (g) in the sample.
The TBA (mg of malondialdehyde/kg) was determined according to the distillation method as described by Tarladgis et al. (1960) . Proteolysis was determined according to Anonymous (1989) , with some modifications. A 4-g minced sample was weighed into a test tube and 40 g of trichloroacetic acid solution (20 g/100 mL) was added. The sample was homogenized with a homogenizer (WiseTis HG-15D, Daihan, Seoul, Korea) for 30 s, and 15 min was allowed for sedimentation. After centrifugation (Neofuge 15R, Heal Force, Shanghai, China) at 9,777 × g for 20 min at 4°C, the supernatant was filtered (Schleicher and Schuell no. 2095, Schleicher and Schuell BioScience GmbH, Dassel, Germany) in a test tube and adjusted to 50 mL by the addition of trichloroacetic acid solution. Nonprotein N components were analyzed in 20 mL of the extract solution using the Kjeldahl method. Proteolysis was calculated as follows: proteolysis = nonprotein N × 100/total N.
Sensory Analysis
The cooked beef patties were cooled to room temperature and coded with geometric shapes. They were served in random order. Water and bread were served after each sample to remove traces of the previous sample from the mouth. Ten trained panelists (academic staff of Adıyaman University, Food Process, Food and Beverage, and Cookery departments) who were selected and trained according to Yetim and Kesmen (2009) assessed the sensory properties using a hedonic scale for appearance, color, brittleness, odor, flavor, and overall palatability. The values in the scale ranged from 1 (dislike extremely) to 9 (like extremely).
Experimental Design and Statistical Analysis
An ABCD mixture design (Snee, 1975) was used to investigate the effect of beef (X 1 ), turkey (X 2 ) and chicken (X 3 ) meat on the properties of patties. Component proportions were expressed as fractions of the mixture with a sum (X 1 + X 2 + X 3 ) of 1 ( Table 1 ). The polynomial equation that describes the model for 3 components was as follows:
where Y is the estimated response; β 1 , β 2 , β 3 , β 12 , β 13 , and β 23 are constant coefficients; and X 1 , X 2 , and X 3 represent the independent variables (beef, turkey, and chicken meat), respectively.
The intercept and parameters such as X 1 X 1 , X 2 X 2 , and X 3 X 3 were set to zero and thus not included in the models. JMP software (SAS Institute Inc., Cary, NC) was used to provide experimental designs, calculate equations, and make statistical evaluations. Also, it was used to generate predicted plots with predicted model equations. Estimated optimum combination was pH value of stored patties. *P < 0.05; **P < 0.01.
obtained from the desirability function using JMP Software.
RESULTS AND DISCUSSION

pH Value, Proximate Composition, and Cooking Yield of Meat Patties
The results of ANOVA indicating physical and chemical properties are summarized in Table 2 . The effects of meat source on all parameters were found to be sig- (Table 3 ; Figure 1 ). This pH value, however, increased with turkey and chicken meat. The differences in the pH values of patties might be attributable to the pH values of meat source. The pH values of chicken meat, turkey meat, and beef were found to be 6.08, 5.84, and 5.61, respectively.
The interaction effect of turkey and chicken on fat values was found to be significant (P < 0.01). The fat value of a 50% turkey-50% chicken meat mixture was lower than their effects alone (Table 3) . Moisture and fat values of patties increased as increasing amounts of chicken meat were added to the mixtures (Table 3 ; Figure 1 ). However, increasing the amount of beef in the mixtures decreased moisture values and increased fat values. It may be concluded that this results from the higher pH found with chicken meat. However, the properties of the chicken proteins might affect this result. For example, chicken breast meat contains less connective tissue than beef (Zorba and Kurt, 2006) . Protein characteristics and physicochemical properties of red and white meat were different from each other Kurt, 2006, 2008) . The ratio of myofibrillar proteins in the protein composition related to structure of protein matrix. Beef contains higher amounts of connective tissue than chicken breast (Lee, 1985) . Collagen tissue had lower oil-and water-holding ability (Rivera et al., 2000) . Zorba and Kurt (2006) Figure 1 ).
The effects of meat sources on cooking yield were found to be significant. As indicated in Table 3 and Figure 1 , increasing the amount of chicken meat increased yield values. However, these values were decreased with beef. The effects of chicken, turkey, and beef on the diameter reduction values were also found to be significant. These values were found to be lowest in the chicken patties and highest in the beef patties, which may be attributable to higher pH with chicken meat because the increasing pH increases waterholding capacity (Zorba and Kurt, 2006; Parlak et al., 2011) . Yield values were related to the changes in protein structure during the cooking process. Heat treatment allows protein-protein interactions, which cause a stronger protein matrix (Ziegler and Acton, 1984) . During gel formation, the protein matrix can retain some components inside it (Ziegler and Acton, 1984; Ker and Toledo, 1992) . Smith (1988) reported that the 1 X 1 : beef; X 2 : turkey; X 3 : chicken.
*P < 0.05; **P < 0.01. gel strength of chicken white muscle myosin and actomyosin was greater than red muscle myosin.
pH, FFA, TBA, and Proteolysis Values of Meat Patties
The effects of beef, turkey, and chicken meat on the pH, FFA, TBA, and proteolysis values of patties were found to be significant (P < 0.01; Table 2 ). The interaction effect of turkey and chicken meat on the proteolysis values was also found to be significant (P < 0.05). In particular, proteolysis value of a 50% turkey-50% chicken meat mixture was lower than their effects alone (Table 3) . The pH and proteolysis values of patties including turkey and chicken meat were found to be higher than in those including beef (Table 3 ; Figure  2 ). These values decreased as the amounts of beef were increased in the mixtures. The relationship between pH and proteolysis might result from basic components such as amines, which are produced from the degradation of amino acids by proteolytic enzymes (Gökalp et al., 1999; Revilla and Quintana, 2005) . The differences in the pH values of patties were attributable to the pH values of the meat source. Generally, pH values of beef, turkey, and chicken meat were different from each other, as chicken > turkey > beef Zorba and Kurt, 2006) .
The increasing amounts of chicken meat in the mixtures decreased FFA and TBA values (Table 3 ; Figure 2) . These values increased with an increase in beef. However, the TBA values of patties were increased with an increase in turkey meat. Rhee et al. (1996) reported that TBA values of frozen raw patties were higher for beef than for chicken. However, Rhee et al. (2005) reported that TBA values of cooked-stored chicken and beef patties were different.
Sensory Properties
The effects of beef, turkey, and chicken meat were found to be significant (P < 0.01) on the sensory properties of patties (Table 4 ). As shown in Table 5 and Figure 3 , lower levels of chicken meat increased and higher levels decreased the sensory values of patties. Lower levels of beef in the mixture increased odor, brittleness, flavor, and overall palatability values. These values decreased with higher levels of beef; however, appearance and color values decreased with beef. An increasing amount of turkey meat in the mixture increased the appearance, color, and odor values but decreased the brittleness, flavor, and overall palatability values of the patties.
With the exception of color, the interaction effects of beef and chicken meat on the sensory scores were found to be significant (Table 4) . In particular, a 50% beef-50% chicken meat mixture had higher appearance, brittleness, odor, flavor, and overall palatability scores than their effects alone (Table 5 ). The lean meat contains intramuscular triglycerides. The characteristic meat flavor of beef, turkey, and chicken is different, a difference generally believed to be derived from lipid sources (Mottram, 1998) . Volatile and nonvolatile compounds arise from fat and amino acid degradation (Marco et al., 2006; Toldrá, 2006) . Beef and chicken triglycerides give different volatile compounds during the heating process (Mottram, 1998) . The characteristic sensory properties of meat products derive from thermally induced reactions. These reactions include mainly the Maillard reaction and degradation of lipid (Mottram, 1998) . The changes in the muscle proteins lead to gel formation, increasing the slicing ability of muscle products (Kerry et al., 2002) . They undergo substantial structural changes with heat treatment, which is essential to achieve a palatable and safe meat product (Tornberg, 2005) .
Optimum Performance of Meat Sources
The estimated optimum combination for maximizing the performance of beef, turkey, and chicken meat in the patties was found to be 34.87, 12.23, and 52.89%, respectively. According to the optimum combination, 85, 6.77, 6.87, 7.00, 7.28, and 7 .31, respectively. The performance of meat source of patties is expressed mathematically in Table 6 . These predicted model equations are useful for understanding the significance of meat source and the interactions among the studied factors. Hence, the performance of many levels of these meat sources within the range of factor levels can be evaluated using model equations.
Conclusions
The differences in meat source had significantly different effects on patties. Besides beef in the mixture, the addition of chicken and turkey improved patty properties significantly and, when optimum values were taken into consideration, it was found that chicken and turkey can be used with beef to improve patty quality. In particular, chicken meat in the mixture can be used more than other meats. 
